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Amniotic fluid contains skin-derived cells. To deter-
mine whether populations of amniotic fluid cells re-
flect genetic conditions, we snrveyed the population of 
amniotic fluid cells from 36 fetnses at 16-21 weeks 
estimated gestational age at risk for junctional epider-
molysis bullosa, recessive dystrophic epidermolysis 
bullosa, epidermolysis bullosa Dowling-Meara, harle-
quin ichthyosis, lamellar ichthyosis (nonbullous con-
genital ichthyosiform erythroderma), or Sjogren-Lar-
son syndrome. Periderm cells, keratinocytes, cells of 
unknown epithelial origin, fibroblasts, fibrin clots, 
and urinary cast-like materials were seen in the amni-
otic fluid from normal fetuses. A large number of 
small macrophages phagocytizing collagen fibers was 
found in the amniotic fluid from all recessive dystro-
phic epidermolysis bullosa, some junctional epider-
molysis bullosa fetuses, and a single epidermolysis bul-
losa Dowling-Meara fetns. Immuno-gold electron 
microscopy with anti-lysozyme and anti-CD68 anti-
A variety of cells is known to be present in amniotic fI uid sampled from normal and diseased fetuses in the sec-ond trimester [1]. The origin of these cells has not been completely clarified although detailed studies of amniotic fluid cell cytology have been made and sev-
eral classifications of amniotic fluid cells have been suggested pri-
marily on the basis of morphology [1- 6]. Investigations into the 
origin and differentiation of amniotic fluid cells using cultured am-
niotic fluid cells and antibodies against several tissue-specific anti-
gens [7 -10] have demonstrated that the majority of amniotic fluid 
cells are derived from the exfoliating fetal surfaces such as the skin, 
mucosa (oral, nasal, vaginal), respiratory tract, and umbilical cord 
[1]. A large proportion of the cells in amniotic fluids from normal 
fetuses and fetuses affected with genodermatoses was found to be 
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bodies confirmed that the cells morphologically iden-
tified as macrophages were active macrophages con-
taining many lysosomes. The percentage of macro-
phages/total amniotic fluid cells in amniotic fluid 
samples from the fetuses affected with recessive dys-
trophic epidermolysis bullosa was significantly in-
creased (12.30 ± 0.20%) compared with that in the am-
niotic fluid from normal fetuses (1.30 ± 0.65%) 
(p < 0.001). In amniotic fluid samples from fetuses af-
fected with harlequin ichthyosis and lamellar ichthyo-
sis, clumps of keratinized cells that contained disease-
specific abnormal granules and lipid droplets were 
observed. These results indicate that the morphologic 
analysis of amniotic fluid cells can provide important 
supportive information for the prenatal diagnosis of 
several severe genodermatoses. Key words: epidermolysis 
buliosa / harlequin ichthyosis / lameliar ichtllyosis / prenatal 
diagnosis.] Invest DermatoI103:674-677, 1994 
comprised of periderm cells and epidermal keratinocytes although a 
small number of nonkeratinocytic cells such as macrophages were 
included in amniotic fluid cells [11-16]. Cells may also be contrib-
uted from the amnion, trachea, and lining of the urinary tract in-
cluding the bladder. 
Epidermolysis bullosa and congenital ichthyosis are categories of 
severe genodermatoses that may be recognized on the basis of 
unique skin-derived cell populations in the amniotic fluid. Infants 
affected with the severe subtypes of epidermolysis bullosa, recessive 
dystrophic epidermolyis bullosa (RDEB) and junctional epidermo-
lysis bullosa (JEB) usually develop blisters and erosions on the 
whole body and are often fatal in the early infantile period [17]. 
Infants with severe forms of congenital ichthyosis, harlequin ich-
thyosis, and lamellar ichthyosis (nonbullous congenital ichthyosi-
form erythroderma) show hyperkeratosis and intense scaling on the 
whole surface of the skin and their prognoses are extremely poor 
[18,19]. In recent years, it has been possible to diagnose these severe 
genodermatoses prenatally using fetal skin biopsies because the dis-
ease-specific changes are already expressed at 17 - 21 weeks esti-
mated gestational age (EGA) in the skin of fetuses affected with 
several forms of epidermolysis bullosa and congenital ichthyosis 
including RDEB, JEB, epidermolysis bullosa Dowling-Meara 
(EBD-M), harlequin ichthyosis, and lamellar ichthyosis [20,21]. 
Considering that these genodermatoses are expressed in the fetal 
period and that the skin is one of the major sources of amniotic fluid 
cells, we hypothesized that examination of amniotic fluid cells may 
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Figure 1. Antniotic fluid cells from fetuses affected with RDEB. a) Many macrophages (arrowheads) arc idenrified by light microscopy (Richardson'S 
stain). b) An electron micrograph shows that a macrophage has thin filopodia in the periphery and a large number of cytoplasmic vacuoles (presumed 
phagosomes) (arrowheads) . c) Collagen fibril s and microfibrils (asterisks) are surrounded by thin filopodia of a macrophage. d) A macrophage (M) is attached 
intimately to a floating epithelial cell (E) in amniotic fluid. e) In the cytoplasmic vacuoles of macrophages, granular or vesicular materials are seen, sometimes 
forming a cribriform pattern.J) Myelin-like membranous structures are observed in the vacuoles. Bars: a, 10 Jim; b, 2 Jim; c,d, 1 Jim; e, 0.3 Jim;], 0.5 tim. 
provide important information about the affected fetus. To deter-
mine whether populations of amniotic fluid cells reflect genetic 
skin conditions, we analyzed amniotic fluid cell pellets prepared 
from 36 fetuses ranging in age from 16 to 21 weeks EGA at risk of 
RDEB,JEB, EBD-M, harlequin ichthyosis, lamellar ichthyosis, and 
Sjogren-Larson syndrome (SLS) . Our studies revealed a large num-
ber of macrophages phagocytizing collagen fibers and microfibrils 
in the amniotic fluid samples from the fetuses affected with RDEB 
and the disease-specific changes in keratinocytes in the amniotic 
fluid from the fetuses with harlequin ichthyosis and lamellar ich-
thyosis. 
MATERIALS AND METHODS 
Antniotic Fluid Samples Thirty-six fetuses at risk of epidermolysis bul-
losa and congenital ichthyosis were included in the study. In all cases, prena-
tal diagnoses were made in our laboratory by evaluating fetal skin biopsies. 
Five- to ten-microliter aliquots of amniotic fluid were obtained at the time of 
fetal skin biopsy (16-21 weeks EGA) just prior to tissue sampling and 
processed for morphologic analysis of amniotic fluid cells. 
Nineteen specimens were obtained from fetuses at risk of epidenuolysis 
bullosa; 15 JEB (three affected), three RDEB (two affected), and one EBD-
M (one affected). The other 17 specimens were from fetuses at risk of 
congenital ichthyosis; 12 harlequin ichthyosis (four affected), four lamellar 
ichthyosis (two affected), and one SLS (none affected). Findings of two 
harlequin ichthyosis specimens have been reported elsewhere [16]. 
Light and Electron Microscopy Amniotic fluid samples were prepared 
for light and electron microscopy following the procedure described previ-
ously [16]. All amniotic fluid pellets were serially sectioned, sampled every 
10-15 Jim for light microscopy (1 Jim thick), thin sectioned for electron 
microscopy (70 nm thick), and examined as previously described [16]. 
Immuno-Electron Microscopy To identify specifically a population of 
small macrophage-like ce lls, immuno-electron microscopy with antibodies 
to lysozyme and CD68 was performed on amniotic fluid cells. Amniotic 
fluid samples from a normal fetus and a fetus affected with RDEB were fixed 
and embedded in epoxy resin. Ultrathin sections were incubated at room 
temperature for 10 min with 10% hydrogen peroxide. The sections were 
incubated at 37"C for 1 h with 10% goa t (horse [changes for anti-CD68 
antibody are give~ in parenrheses]) serum, 1 % boviJ1e serum album in phos-
phate-buffered sal me, pH 7.4, and for 2 h with rabbit anti-human lysozyme 
(MuratUldase) antIbody [22] (Dako Corp., Santa Barbara, CAl diluted 1 : 20 
or monoclonal mouse anti-human macrophage, CD68 antibody (Dako 
Corp.) [23] diluted 1: 10. Normal rabbit (mouse) serum was applied to 
cont~ols. The sectIOns ,:"cre ll1cubated with biotinylated goat anti-rabbit IgG 
{blOtmylated horse antI-mouse Ig<?) (Vector Laboratories Inc., Burlingame, 
CA) and then mcubated m 20-nm 'l11munogold co~ugates streptavidin (Bio 
Cell Resea,rch Laboratories, Cardiff, ~K). Sections were rinsed intensively 
WIth washmg buffer between ll1cubattons. The specimens were stained with 
uranyl acetate and lead citrate, and observed using the JEOL 1200 EXII 
transmission electron microscope. 
Quantitative Analysis of Macro phages in Antniotic Fluid Semi-thin 
sections were sampled from all electron microscopy blocks and the numbers 
of macrophages and tota l amniotic fluid cells were counted using a light 
microscope. Sections were sampled every 80 tim to assure that we were 
counting different cells when multiple sections were used from a single 
electron microscopy block. Cell counts were done by counting the number 
of macrophages and total amniotic fluid cel ls in a X 400 magnification field. 
At least 1000 total separated amniotic fluid cells were counted in each 
amniotic fluid sample. Aggregated cells that were infrequently seen and red 
blood cells were excluded from the counts. We employed the percentage of 
the number of macrophages/total number of amniotic fluid cells to evaluate 
the quantity of macrophages. The mean and SEM of each group of samples 
were calculated. The groups of aJ1miotic fluid samples were as follows: 
RDEB group (two samples from two fetuses affected with RDEB), JEB 
group (three samples from three fetuses affected with JEB), total epidenuo-
lysis bullosa group (six samples from six fetuses affected with EB), harlequin 
ichthyosis group (four samples from two fetuses affected with harlequin 
ichthyosis), lamellar ichthyosis group (two samples from two fetuses af-
fected with lamellar ichthyosis), total congenital ichthyosis group (six sal11-
pies from four fetuses affected with congenital ichthyosis), and control 
normal group (24 samples from 24 normal fetuses). Only a single amniotic 
fluid sample from a fetus affected with EBD-M was included in the study. 
Statistical analysis of the data was performed using the Student t test. Groups 
were considered to be significantly different from the control normal group 
when the p value was :50.05. 
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RESULTS 
Amniotic Fluid from Normal Fetuses Periderm cells, kerati-
nocytes, cells of unknown origin, fibroblasts, fibrin clots, and uri-
nary cast-like materials were seen by light microscopy. Only a small 
number of macrophages was found and their ultrastructural mor-
phology was similar to the amniotic fluid cells from epidermolysis 
bullosa cases described below. Clumps of normally keratinized epi-
thelial cells were seen infrequently in a few of the samples. 
Amniotic Fluid from Fetuses Affected with Epidermolysis 
BuHosa A large number of macrophages was seen in all amniotic 
fluid samples from fetuses affected with ROEB (macro phages/total 
amniotic fluid cells; 12.30 ± 0.20%) (Fig la) . The amniotic fluid 
samples from two fetuses affected with JEB and the amniotic fluid 
from a fetus affected with EBD-M also showed remarkably in-
creased numbers of macrophages (JEB, 18.5% and 7.0%; EBO-M, 
9.8%). The amniotic fluid from the other single JEB fetus exhibited 
a slight increase in the number of macrophages (4.6%). Ultrastruc-
turally, these macrophages projected a large number of thin filo-
Figure 2. Amniotic fluid cells from fetuses affected with congenital 
ichthyosis. a) A clump of incompletely keratinized cells (arrowheads) can be 
seen in amniotic fluid from a harlequin ichthyosis fetus by light microscopy 
(Richardson's stain) . b) An electron micrograph of aggregated, incompletely 
keratinized cells in amniotic fluid from a ferus with harlequin ichthyosis 
shows abnormal cytoplasmic vacuoles (arrOW/l eads) and an absence of normal 
lamellar granules. c) In amniotic fluid from a lamellar ichthyosis fetus, 
incompletely keratinized cells form clumps and lipid droplets (arrowheads) 
are in the cytoplasm. Bars: a, 20 11m; b,c, 1 /.lm. 
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Figure 3. Immuno-gold electron microscopy with anti-lysozyme 
antibody. Gold particles (arrowh eads) are localized to the cytoplasmic vacu-
oles in the macrophages in amniotic flu id from a RDEB affected fetus. Bar, 
0.3 /.lm. 
podia and contained cytOplasmic vacuoles filled w ith granular or 
vesicular materials and myelin-like membranous structures (Fig 
lb-f) . 
Amniotic Fluid from Fetuses Affected with Congenital Ich-
thyosis All four amniotic fluid samples from the fetu ses affected 
with harlequin ichthyosis contained clumps of keratinized or in-
completely keratinized cell s (Fig 2a,b) . Cells in these clumps were 
joined by modified desmosomes and contained electron dense 
amorphous material, fil aments, and empty vacuoles that were pre-
sumably lipid droplets. N ormal lamellar granul es were absent al-
though membrane-bound vesicles of a similar size were seen. These 
morphologic characteristics were also observed in individual kerati-
nocytes. 
Amniotic fluid samples from two fetuses affected with lamell ar 
ichthyosis also showed clumps of incompletely keratinized cells . 
The aggregated cells had increased numbers of lipid droplets in the 
cytoplasm (Fig 2c) . Rings of keratinized cells were also observed in 
amniotic fluid pell ets from a fetus affected with lamellar ichthyosis 
[14] . These were presumed to be derived from hyperkeratotic hair 
follicles. 
Immuno-Electron Microscopy with Anti-Lysozyme and 
Anti-Human Macrophage, CD68 Antibodies Immuno-elec-
tron microscopy using anti- lysozyme and anti-C068 antibodies re-
vealed that immuno-gold deposits localized to the cytoplasmic vac-
uoles in the macrophages in the amniotic fluid from both RDEB 
and normal fetuses (Fig 3). N o immuno-gold deposition was ob-
served with either antibody in other types of cells. The control 
specimens incubated with non-immunized rabbit (mouse) serum 
showed no immuno-gold deposits. 
Quantitative Analysis of Macrophages in Amniotic Fluid 
The amniotic fluids from all RDEB fetuses showed high percent-
ages of macrophages/total number of amniotic fluid cells (Fig 4). 
Normal control amniotic fluid and amniotic fluid from congenital 
ichthyosis fetuses had a consistently low percentage of macro-
phages/ total number of amniotic fluid cells. The number of macro-
phages/total number of amniotic fluid cells in amniotic fluid sam-
ples from ROEB fetuses was significantly increased (1 2.30 ± 
0.20%) compared with those in the amniotic fluid fro m normal 
fetuses (1.30 ± 0.65%) (p < 0.001). 
DISC USSION 
Rodeck et al pointed out amniotic fluid cell abnormalities in a preg-
nancy affected by junctional epidermolysis bullosa in 1980 [24] . 
The characteristics and the meaning of amniotic fluid cel l abnor-
malities in EB have been obscure for more than 10 years. In the 
present study, we examined systematically amniotic fluid samples 
from normal fetuses and fetuses affected with epidermolysis bullosa 
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Figure 4. The percentage of macrophage numbers divided by total 
numbers of cells in the amniotic fluid samples from diseased and 
normal fetuses. Bars represent the mean ± SEM. " significantly increased 
compared with the normal control group. t, a single case only. HI , harlequin 
ichthyosis; LI, lamellar ichthyosis. 
and congenital ichthyosis and demonstrated a significant increase in 
numbers of macrophages in amniotic fluid samples from the fetuses 
affected with RDEB. 
The origin of the infiltrating macrophages is uncertain . Amniotic 
fluid sampling procedures were almost the same in all cases includ-
ing controls in this study. Thus, we can exclude the possibility that 
the increase in numbers of macrophages in amniotic fluid from 
RDEB affected fetuses was caused by the sampling procedure. The 
previous studies on fetal skin biopsy specimens revealed that the 
microscopic or ultrastructural changes of RDEB were already ex-
pressed in the skin at the second trimester [12,25,26]. Therefore, we 
can presume that blisters had already been formed on the skin of the 
affected fetus in utero at 17 - 21 weeks of gestation. The blisters and 
erosions could represent sites of inflammation from which macro-
phages were released into amniotic fluid. The ultras tructural and 
immuno-gold electron microscopic observations confirmed that the 
infiltrating macrophages were active macrophages containing 
many lysosomes and the findings support the idea that the increase 
of macrophages in amniotic fluid represents the postbullous inflam-
matory reaction in IItero. 
The increase in numbers of macrophages in amniotic fluids from 
JEB and EBD-M fetuses was not shown to be statistically signifi-
cant. This result may refl ect the difference in the histologic locali-
zation of the blisters or the difference in intensity and extent of 
blister formation in utero among these subtypes of epidermolysis 
bullosa. 
Detection of central nervous system defects and neuronal ceroid-
lipofuscinoses has been accomplished by the morphologic analysis 
of uncultured amniotic fluid cells [27 - 31]. For the prenatal diagno-
sis of several genodermatoses, morphologic analysis of amniotic 
fluid could provide important information [11 ,13- 16]. We have 
observed the characteristic morphologic abnormalities in the kera-
tinocytes present in amniotic fluid samples from the fetuses affected 
with harlequin ichthyosis and lamellar ichthyosis and the amniotic 
fluid findings are thought to be of diagnostic value in the fetuses at 
risk of these ichthyoses. The use of amniotic fluid to reflect ab-
normal skin findings were reported also in cases of bullous con-
genital ichthyosiform erythroderma (epidermolytic hyperkeratosis) 
[11,13]. These observations suggested that the morphologic analy-
sis of amniotic fluid cell s could provide important supportive infor-
mation for the prenatal diagnosis of epidermolysis bullosa and con-
genital ichthyosis. Such studies, furthermore, may be extended to 
determine the value of the morphologic analysis of amniotic fluid in 
the prenatal diagnosis of other severe genodermatoses. 
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